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Abstract: Sodium nitrite can be obtained in two ways: by reacting sodium sulfate with calcium nitrite or 
nitrate, calcium nitrite, formed after the absorption of nitrous gases with lime milk. Study of mutual 
solubility of the quaternary water system of nitrites, nitrates and sulfates of sodium and calcium and its 
constituent ternary systems at 250 C. Their isothermal solubility diagrams has been set up. 


Keywords: Bunapuoie u mpotinoie eodubie cucmembl, 96MOHUYeCKUX PACMB6OPOB 2paHesblx mpounix 
cucmem, mepmocmamupoeanuu, dueypamusHvix moueK, YepblpexeodHO20 HumMpama_ Kaloyua, 
uZ0MepMUYECKUM MemooomM. 


INTRODUCTION 
OHM 3 BO3MOXKHBIX IyTeH MOJyYeHHA HUTpata HW HUTPHTa HaTpHA ABJIACTCA KOHBeEpCHA B BOHOM 
cpeyle cyIbbata HaTPHA HUTPATOM HM HUTPHTOM Kalba. 


TexHoylormueckad OCHOBa J{aHHbIX Mmpoweccow Oa3supyeTcd Ha Cu3HKO — XMMH4eCCKHX CBOMCTBAX 
yeTBepHBIX cuctem 2Na‘, Ca”* // SO4?, 2NO3 - H2O; 2Na‘*, Ca’? // SO, 2NO2 - H2O wu ux 
COCTABJIAIOLUX TPOMHBIX CHCTeM. CBeeHHA 110 3THM UCTBEPHbIM CHCTeEMaM B JIMTepaType OTCYTCTBYIOT. 
B cBa3v C 9THM Jia (U3HKO — XMMMYeCKOrO OOOCHOBaHHA Mpolecca MOuyYeHHA HUTpata HM HUTpuTa 
HaTpHA KOHBepcuelt HHTpaTa M HUTpHTa KasIblMA cylbdaTOM HaTpHA W3y4eHa PaCTBOPHMOCTE B 
BBIIMeyKa3aHHbIX YETBEPHBIX CHCTEMAX HM OTJCJIbHBIX COCTABJIAIONIUX TPOMHBIX cucTem mpH 25°C [1]. 


Hutput Hatpua nosyuaetca 10 AByM BapHantam: Ilo nepBoMy BapvaHTy HHTPUT — HUTpAaTHbIi pacTBop 
KaJIbUMA, OOpa3yIoMMiica pu WenOUHON aOcopOunu, CHa4yasia HeliTpalM3upyioT a30THOM KHCIOTON (70 
pH 5 — 5,5). Jlanee pacrBop BbINapHBaloT HM KPHCTAJVIM3yIOT HHTPHT KaliblwaA C abHeMWUM 
OTJ[CJICHHEM OT MATOYHOTO pacTBopa HUTpaT — HHTPHTa Kalba (puc. 1). 


Tpepabiit HUMTpHT KasbyHi wu cylbdpaT HaTpHA HalipaBAIOT Ha OOMeHHOe pa3zOxKeHHe, KOTOPOe 
IIPOBOJAT B peakTOpe C WMPKYJIMpyIOWHM pacTBOpoM HuTpHtTa HaTpuaA. Ilo Bropomy BapvaHTy pacTBop 
HUTPUT - HHTpaTOB Kaiba, OOpasylouMiica pH aOcopOuMu HUTpO3HEIX Ta30B LWMpKyIMpyIowwuMu 
pacTBopaMH Cc aKTHBHbIM CaO, pearupyeT Ip CTeXHOMeTPHYeCKOM COOTHOLMICHHH C CyIb:paToM HaTpHA. 
Ilocne sToro MOyYeHHbIM HHTPHT — HHTpaTHBIM pacTBOp HaTpuA OTAeAeTCA Ha (UIbTpe OT Tutica. 
TlonyuenHpri pactBop moyBepraetca BbIlapke HM KpHCTasIM3alMn Cc BbIMayeHHeM B TBEépAyIO da3y 
HuTputTa HaTpua. Ilocne oTyqeneHuad WeHTpudyrupoBaHuemM ToTOBOrO posxykKTa — HHTpHTa HaTpHA, 
MaTOUHbIM pacTBOp HUTPHTa HaTpHA BHOBb BOSpalljaeTcaA Ha CTaMIO BbIMAapKH HU WepepadaTEBaeTcaA Ha 
TBEpAbIM MpoLyKtT [2]. 
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TakoKe 110 NlepBOMY BapHaHTy TBepbI ONHOBOAHBIM HATPUT KaJIblWA MOyYeCHHbIM 10 cxeme (puc.1) u 
JICCATHBOHBIM cybat HaTpHA COOTBETCTBEHHO pacTBOpsIOT B pacTBopuTemAx (103.1? u 103.19), 
(puc.1). [IpuroropseHHEI pacTBop HalipaBsIAIOT Ha OOMeHHOE pa3soxKeHHe (puc. 1), KoTOpOe IPOBOAAT B 
CTaJIbBHOM peakTope (1103. 1). I[pomecc KoHBepcuu MpozosKaetca OKONO | yaca. [unc oTyeAIOT OT 
pacTBopa Ha OapadaHHOM BakyyM — (:uIbTpe, a pacTBop (103. 2) HM HallpaBsIAIOT Ha BbIIlapKy (1103. 6) Ha 
HlepBbI BbINAapHOM almapaT (103. 6). [locrynarouju wWenoK c coyepxKaHHemM 26,75% NaNO, 0,71% 
CaSO, spmapuBarot mpu 100°C no KonneHTpanuu HUuTpHTa HaTpusa 61,71% NaNO, 0,030% CaSOs (puc. 


13: 


Bamapmiui ocagqoK runca dumbtpyror (03. 2"). BerjenenHbtii men0K 4epes cOopHuK (m03. 4") ¢ 
MOMOM[bIO WeHTpoGexHoro Hacoca (no3. 5 ") HanpaBaaror B KpHcTamIM3arop (03. 7) rae upu 
oxslakeHuM pactBopa yo 10°C BpigensroTca Kpuctammb1 NaNOz. Kpucranmmueckuit npoxyKT mocse 
oTgeneHua Ha (bumbtpe (103. 2 |") comepxur 95-99% NaNOd. Tomyyenueprii Marounpiit pacrsop A3 
(conepammit 43,16 NaNOo, 0,046% CaSO.) us (03. 4") c nomomp10 WeHTpobexHOrO Hacoca (1103. 
5") Hampapsisetca Ha (m03. 4), re CMelIMBaeTca C MATOUHBIM pacTBOpoOM, oOOpa3yrollIuMca mocse 
KOHBepcnu. BraxkHbIii OcaOK HUTpUTa Harpua cymat upu 100-110°C Ha OapabaHHoii cymmMke (1103. 8). 


OnTHMasIbHBIe YCIIOBHA OCYITCCTBIICHHA TCXHOJIOTHYCCKOLO Mpowecca: 


KoneHTpallva pacTBOpa HUTPHTA KAJIbUMA, %........ceeeeeeeeeee 80-90% 
Temmepatypa KOHBepcHu HUTputTa KaJIbIua cyIb(aToM 
DOP az oe etctsesecoaesie ov ec ores ncaa aes osienacnnnied nee anton 25-30 
KoutjeHTpattua OOOpoTHOrO pacTBopa HUTpUTa HaTpHA, %....... 30-45 
CootTHomenne T:)K B IlysIbiie C OCAJ[KOM FHIICa. .......... 200. Is (2,57 3,5) 
IIpoqo>KUTeIbHOCTb KOHBepCHH HUTPHTa Kalba cysbpaTOoM HaTpua, 

MIT, Jax casee heats teen ieacwwtecasssntaierseniouienie: 60-120 
Temmepatypa B BbIMapHOM armapare, °C..............cccee cece ees 100-110 
Temnepatypa B KpHcTasIM3aTope, CC..... 6... cece eeeee eee een ees 10 -25 
Temiiepatypa lIpH Cyliike BlaxKHOrO HUTpHTa HaTpHA B OapadaHHo CylIMKe, 

s,m ar ean eee eee eee ne ere eer eee 100-110 


Ilex nolyyeHua HUTPUTa HAaTpHA TO BTOPOMy BapHaHTy W3 OKHCJIOB a30Ta, H3BECTKOBOrO MOJIOKa HU 
cylbdata HaTpHA COCTONT H3 Tpéx OTAeNeHHi: WeNOUHOM aOcopOuNH, KOHBepcHH U BbITapKH (puc.1). 
Hutpo3uple ra3bi, coyepxaijwe mupHMepHo 2-4% OKHCIIOB a30Ta, MpOxoOAAT Yepe3 adcopOmMOHHEIe 
OammHH (103.1). AOcopOuMoHHad OalliHaA OpollaeTca U3BeECTKOBbIM MOJIOKOM (100-140 r/m CaO) u3 
cOopHuka (1103.2) | HHMTPHT-HUTPaTHbIM PpaCTBOPOM, BBbIXOJALIHM M3 cOopHuka (1103.3). Hurpnt- 
HUTpaTHBle WeoKa 13 aAOCOpOMMOHHON OallHu Yepe3 COOPHUK (1103.3) WeHTpOOexKHEIM HacocoM (1103.4) 
HalpaBJIAIOTCA Ha KOHBepcuto. Hutpo3npie ra3bl mocle aOcopOuMOHHOM OaliHH HalipaBsaIoTcaA Ha 
cKpy0Oep (103.15) H yanee yaanaroTtca B aTMocdepy. Hutput-HuTpaTHble mjeoKa, MOy4eHHEIe B 
pe3yiIbTaTe WerouHOl adcopOuMH, coxep»xKaT IpHMepHo 75-95% HuTputa HW 5-25% HuTpata Kamba [3]. 


PacTBopbl HUTpHTa MU HUTpata KasIbIMA HallpaBsIAIOT Ha OOMCHHOE pa3zOxKeHHe, KOTOPOe MpOBOAAT B 
CTaJIbHOM peakTope (1103.5), oO0rpeBaeMoro TapoM. B peakTop MocTelleHHO BBOJAT H3MeJIbYéHHBIIt 
cylbaT HaTpHa WIM ero pacTBOp B BHe claObIx TopsAdHX WeuOKOB, COepxalllMx HATPUT — HUTpaT 
HaTpHaA. 


Jlia yckopeHua mpouecca KOHBepcHH HW TpexOTBpalieHua 3a0uBaHHA peakTOpa OcayqKOM cyybiata 
KaJIbUMA, OOpa3syIOWJMMcA B pe3yIbTaTe OOMeHHOM peakuMN MexyY Na2SO4 uw Ca(NO2z)2, B HWKHIOIO 
yacTb aliliapaTa WOWarwT CKATHIM BO3AYX WIM MepeMeLIMBaOT pacTBOp MeXaHH4YecKOl MeLWaJIKOH. 


IIporecc koHBepcuu MpososmKaeTca OKONO | 4aca. [utc OTAeNAIOT OT pacTBOpa Ha TKaHeBBIX (PUJIbTpaX; 
cooTHomleHue 2K:T = 2,5-3:1, koHneHTpanua NaNO2 u NaNO; B xugKOo daze 14-34,0% u 1,5 — 4,5% 
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COOTBETCTBCHHO. OTa CyCIieH3HA OTPUIIbTPOBbIBaeTcA OT CaSO4-2H2O Ha OapadaHHOM BakyyM- (pusIbTpe 
(1103.7) HM HalipaBsideTca Ha BbIapKy. Tunic, coqepxamuii nocue dunptparuu 10,2-13,0% NaNO u 1,02 
- 1,30% NaNOs, mpoMbiBatoT B pellyJibMaTope MpOMbIBHOM BOON v3 103.15, mpH 9TOM CyMMapHoe 
comepxaHHe NaNOz2 u NaNO; B wiiaMe cHwxKaeTca 0 0,05-2%. Yaansempiii “3 (dbubTpa (1103.7) 
cybat KasIbUMA MOKHO UCIOMb3OBAaTb JIA TEXHH4YECKHX Lesei. 


YnapuBaHve pacTBopoB HUTpHtTa HM HUTpata HaTpusa Po (coxepxauMe 22,14% NaNOd, 2,44% NaNO u 
0,56% CaSO.) npoBoautca B JBYXKOpIYCHBIX BbIMapHBbIX YCTaHOBKax [3]. 


MooKHO HCHOb30BaTb BBIMApHbIe aliiilapaTbl BepTHKaIbHOrO THIa C BHYTPpeHHeM WIM BbIHOCHOM 
rperomet KaMepow. Ha nepBel BEmapHon ammaparT (103.11) nocTynarommMi WeuoK c cozepxKaHHemM Po 
BbimapuBaror mpu 100-110°C no KonueHTpaluM HUTpuTa HaTpua P; (cogepxamero 51,66% NaNOo; 
5,74% NaNO3 u 0,03% CaSO). Bptnapmmi ocaygok runca dunetpyroT (103.7). Bo w30exaHHe 
Kpuctasmm3anuu NaNO? temnepatypy B Oake (1103.9) noxyep»KuBaloT B MIpezenax 90-105°C npu momo 
TlapoBoro oOorpeBa. BaiesIeHHbI WleOK Yepe3 COOPHUK (1103.9) C TOMOMIbIO IleHTpoOexKHOTO Hacoca 
(1103.10) HampaBiaeTca Ha BTOPOH BbINAapHO almapatT, rye BbIMapHBaeTcaA BO OOpa30BaHHA IyJIbIIbI C 
coyepxKaHvem 76% HUTpuTa HaTpua U 8,0% HuTpata HaTpua. Copsuni pacrBop HUTpuTa HM HUTpaTa 
HaTpua HalpaBsAlOT B KpucTasM3aTop (103.12) 34ecb Mp oxnaxKyeHHu pacrBopa 70 21°C BpIyenAOT 
Kpuctamibt NaNOo. 


Kpuctamimueckuit IpoOAyKT Mocue OTAeueHHA Ha (PUIbTpe (103.7) OT MaTOUHOFO pacTBopa cozepxKUT 95- 
99% NaNO>. Monyyenusrit MaTouHbiii pacrBop 43 (103.9"!) ¢ momompb10 WeHTpoOexHOrO Hacoca (103.10) 
HallpaBlideTCA Ha, KOHBepCcHio WIM Ha MHBepcHuto (103.9) Aa WouyYeHuA HUTpatTa HaTpua. BuaxKHbIit 
ocayOK HUTpuTa HaTpuaA cymat mpu 100-110°C B GapaSanHoi cymmuKe (103.13). 


J[ia momwyuenua Oonee 4NcTOrO HHTpUTa HaTpHA KpHCTaIM4ecKHuii HHUTPUT HaTpHA MoOcIe MepBoi 
KpHCTasWIM3alHH OOBIMHO IIpOMbIBaIOT XOJOHOM BOOM, PpacTBOpAIOT B TapOBOM KOHJeHcaTe U 
HOWBepraroT KpHcTaswiM3auHH. KOHWeHTpHpoBaHHbI pactBop NaNOz2, nmosyuaembli pH pacTBopeHHH 
COJIM B TapOBOM KOHJeHCaTe, OTPUIITPOBbIBAIOT Ha (PUJIbTpe MU HalipaBAIOT B KpuctamwM3aTop. Iocse 
OTMeICHHA OT MaTOUHOTO pacTBopa Ha (uJIbTpe KpucTaIMY4ecKuH HUTPHT HaTpuA cywlaT ropx4dHM 
BOo32yx0M (105-110°C) Bo spamaromujemca OapaOane [4,5]. 


Kak lokKa3bIBalOT TOKCHKOJIOrMYecKHe UccHeqoBaHua PecLITCOH cunte3supoBaHHbIi HATpHT HaTpuA 
cootBetctByet TOCTy 19906-74 (Tokcukonormyeckoe 3akyIoueHHe pusiaraetca). Ha MojesIbHOH 
yctaHoBke Unpunxckoro OAO «OuekTpKuMécaHoaT» alpoOupoBana lmpesowKeHHad TexHOIOrHA 10 
TOy4eHHIO HUTpuTa HaTpua (MpuoxKeHHe 1). HapadoTaHa onbirHad WapTHd HUTpHTa HaTpHA, 
OTpaOoTaHbI HM yCTaHOBJICHbI CleqyIoWWe OCHOBHbIe TeXHOJIOrM4ecKHe MapaMeTpbI ee MpOu3BOCTBAa 
(mputoxeHue 2). JlaOopaTopHEI permaMeHT HM aKT UCIIbITaHHA MpuaraetTca (puoxKeHuA 2 u 3). 
OnTHMaJIbHbIe TEXHOJIOrH4eCKHe MapaMeTpbI IpOW3BOCTBa HUTPUTa HaTpHA. 


KoHeHTpaltHA H3BCCTKOBOTO MOJIOKA, I/JI..... 2... ee eee eee eens 100-140 
CootHormleHHe NO:NOd, MOUD..........c cece cece ee eeeeeeeaeees (60-70):((40-30) 
T[poqOJKUTebHOCTS OPOLIeCHHA HATPO3HBIX Ta30B, MHHYT... 30 
Temnepatypa B aOcopOmMonHoli Gate, °C...............c eee 30-45 
Temiepatypa KOHBepcHH HUTpHTa  KasiblMdA cybpaTOM  HaTpuaA, 

MCU sisiehactelst bite estes tia vielnepee Mbaedursiensiobasdh eens penicalienadth 25-30 
KonueHtTpaljua oOopoTHoro pacTBopa HUTpHuTa HaTpuA, %.. 25-50 
CooTHomeHHue TOK B IlyJibiie Cc OcayIKOM rurica, 

MONG: scaaruatactuutapewrdieesandoeendnecuuadorimnndoruaGoiaesacestmenancads I: (2,5-3,5) 
CooTHomieHHe HUTpHT KasiblMa: cymbdpaT HaTpuaA pH KOHBepcuH, 

MOM csc teaceinGosls uutondsinedid ushered ocdvneieaneeedespeeeeutas 1:1 
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60 


Temmepatypa B BbIMapHoM armapate, °C............. cece cence es 100-110 
Temmepatypa B KpuctammmaaTope, °C...........cec ee eee cence cues 10-25 
Temiiepatypa lp cyllike BJlaKHOrO HHMTpHTa HaTpHa B OapadaHHoOii 

SVMS C ivectvndasiens Seassboshsseesuaeietouiensves arnt 100-110 


TakuM o6pa30M, He OCHOBaHHH I[poBeéHHbIX UCcCIeqOBaHH mpeyoxKeHa odo0meHHaA 
TeEXHOJIOrMYecKad CXeMa HM MCXOJHbIe JAHHble (IIpHOKeHHe 4) NOWyYeHHA HATPUTAa HaTPHA UV KaJIbUMA 13 
W3BeCTHAKAa, MHpaOWIHTa WH HUTPO3HBIX ra30B. 


Mupa6unnt-2032,04 xr 


T[pomprsxHoii pacrsop-1530,97 xr 


Kr 


Buaxupiii ocayoK- 
1733,57 


H20-1661,4 


Pacrsop-32|l7,7Kr 


Tap-2170,8 xr 


Bua@xuplii ocayoK- 
47,0xr 


O6oporupiit pacrsop — 4170,2 xr 


Tap-652,4 xr 1911 xr 


Tune 1258,6 xr 


Hurpar watpua — 1000 xr 


Puc. 1. Marepuasbupiit OanaHc NoyYeHHA HUTPUTa HaTpHA W3 HUTPUTa Kaba. 
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On 


“7 

= | || Kn03.14 
— LH 
| 15 


Hissecrkosoli 
MO.10KO 


Hurposanie 7 0 
rasbl 
moi 
= (Ca(NO2), NaNOg 4.18 


Y Ca(NO3)2 NaNOg) 


K BakyyM Ha ymakOBKy 


Ha cTaivH 
HHBepcna 


Puc.5.10. TexHoaormyeckat cXemMa TIPOW3BOCTBa HHTpHTa HaTpHA 


l-aGcop6umoHHas Gamma; 2,3,6,9-c6opxHuKu; 4,10 - yeHTpo6exHBie Hacocsi; 5-peaxtop; 7-GapaOaHHBle QbH/BTpbI; 
P-peccesep; 11-ssmapHeie anmapatsi; 12-Kpuctranmusatop; 13-6apa6anHas cymmnka; 14-penympnatop; 15-cKpy66ep. 


Puc. 2. Matepnasbuili Oaslanc NOJyYeHHA HUTPUTa HATPHA 3 OKCHAOB a30TAa, H3BeECTH U 


MupaouMsInta. 
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Ta3oBasa cbaza — 


. 
> 


CaO-537,83 xr 


OKcHybI a30Ta 
670,7 kT A6cop6una 


731,3 


1050,23 


Ilynpnia~4 H20 2630,84 


= 
3 
Ww 
So 
- 
= 
5 

wo 

o 

=| 

8 

Val 

gp 

Tpomusuas Boga — 512,4 xr 


Myxuuii pa 


Pacrsop-2B56,3 


Buaxuyuii rune-2359,5 


Buakublii ocayok — 
ag x y 5 KT 


Ilynpna-2 


Pacrsop-1637,9 


Ilynpna-]]}637,9 xr 


Tlap-288,3 xr 


Hutput-natpua-1000 xr Hutput-Hutpat HaTpysa- Tune — 
349,59 xr 1651,91 xr 


Puc. 2. MartepuasIbHEiit OaslaHc NOJTYACHUA HUTPHTa HATPHA U3 OKCHIOB a30Ta, U3BeCCTH U MupaOnnta. 
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